Abstract. In total, 1967 pelagic sharks of eight different species were sampled in waters of the Gulf of Guinea between June and August 1993 by commercial longline gear. Catches of Prionace glauca and Sphyma zygaena included a large number of pregnant females, making it possible to calculate some of their reproductive parameters.
Introduction
The catches of most large pelagic elasmobranchs are probably produced as a by-catch of fisheries targeting other species, and by sportfishing (Anderson 1985; Casey and Hoey 1985; Mejuto et al. 1987) . Because sharks are commonly discarded or processed on board, the sporadic access to captured specimens makes it difficult to obtain adequate temporal and geographical coverage of sampling during landings.
The increase in the fishing effort aimed at the target species (swordfish, tuna, etc.) in recent years (Anon. 1993) suggests that there has also been an increase in the catch of associated species. This, along with the increasing economic and commercial importance of the shark (or its fins), has necessitated studies on the biology of these species.
The low growth rate and replacement of these species makes them especially susceptible to being overfished (Holden 1973; Stevens 1992) , and for this reason the introduction of recent domestic management plans for some species has been promoted.
By following the activity of the longline fleets, it has been possible to study pelagic sharks in the different areas where these fisheries take place: North Atlantic (Lopez et al. 1979; Witzell 1983, north-eastern Atlantic (Meiuto and GarcCs Understanding the reproductive parameters of these species is essential in determining their replacement rate. This study provides an estimate of these parameters for I! glauca and Sphyrna zygaena (Linnaeus) in the eastern waters of the equatorial Atlantic.
Materials and Methods
A scientific observation cruise was carried out from the end of May to September 1993, on board a commercial longline surface vessel targeting swordfish in the eastern tropical Atlantic. In total, 77 sets were carried out (the total number of hooks set was 242200) between 1 June and 29 August, with a surface longline traditionally used by the Spanish fleet (Hoey et al. 1988; Rey et al. 1988) . Pelagic sharks taken as by-catch were measured and sexed and their reproductive condition examined (Table 1) . The fishing zones were located between 5"N-5"s latitude and 5%-20"W longitude. The ocean surface temperature ranged from 25.3"C to 29.5"C. in these areas. Preliminary preparation of the results was carried out in 5"XSo squares (Miyake 1990) . In some cases this information was merged to cover wider areas, as defined in Fig. 1 .
Biometric information was obtained as fork length (FL), taken at 1-cm intervals. For later analyses, the specimens caught were grouped in 5-cm size classes. The embryo size data were processed in I-cm intervals. The relationship between fork length and total length (TL) was calculated to allow transformations and to compare data from other authors.
In total, 1462 P. glauca specimens were measured and sexed (816 males and 646 females). Table 2 shows the number of fish observed by sex for each of the defined zones.
Different subsamples of gravid females (Table 3) North Pacific (Nakano et al. 1985) and south-eastern embryos (62 specimens).
Australian waters (Stevens 1992 
Results and Discussion

Prionace glauca
Length-frequency distribution of the total l? glauca sample displayed by zones (Fig. 2) shows a size range from 150 to 260 cm FL with a preponderance of mature fish in all areas. The size distributions are usually associated with seasonal migrations and reproductive activity (Strasburg 1958; Gubanov and Grigor'yev 1975; Stevens 1976; Pratt 1979; Stevens and McLoughlin 1991) .
Size distribution by sex and zone indicates that males are slightly more numerous and significantly larger than the females. A slight increase in the ratio of females west to east from Zone A to Zone C was also found (Table 2 ), although differences were not statistically tested. Length data for both sexes from the combined zone (Zone T) show a mode for females at 200 cm and for males at 225 cm ( Fig. 2) .
A sex ratio shift by size class (females) begins at around 50% for the smaller sizes caught and increases gradually up to 185 cm FL, and then decreases in the larger sizes (Fig. 3) . This sex ratio pattern could be attributed to the existence of differential growth by sex (Cailliet et al. 1983; Cailliet and Bedford 1983) , andor to the natural difference in mortality by sex, and/or to the different migratory behaviour shown by each sex (Muiioz-Chapuli 1984; Casey 1985; Hazin et al. 1994; Nakano 1994) . It would be advisable to seek out a wider geographic view to have a truer understanding of this biological parameter.
In order to establish comparisons with the results of other authors, the following linear relationships were found: (Table 3) shows a total of 419 gravid females (76.5%) for the zones as a whole.
Graphs showing the percentage of gravid females out of the total number of females analysed for each of the three zones sampled (A, B, C) displayed a similar pattern. Therefore, in an attempt to apply the best mathematical fit possible, the data were merged (Zone T). The best fit was obtained with an exponential function, adjusted by a non- fork length of the female (Fig. 4) . of females have embryos, corresponding to the size of 220 cm TL. These values are very close to the observations from the tropical Indian Ocean (Gubanov 1978) and from the north-western Atlantic Ocean (Pratt 1979) , which would indicate an estimated age at maturity of around 6-7 years (Cailliet and Bedford 1983).The resulting curve would probably be a partial view of a sigmoidal curve, whose lower area might be represented if a larger size range and broader geographical data were available.
Wounds resulting from mating were observed in several blue shark females. These wounds were semicircular impressions like those described by Stevens (1974) . Most bite marks were seen in non-gravid females, indicating a recent mating.
Embryo size. The biological observations define this species as a glacentally viviparous shark (Pratt 1979; Compagno 1984) . According to Pratt (1979) , in the Atlantic population gestation takes 9-12 months and the young are born in spring and summer. The largest embryo found was close to the size at birth, 30-50 cm TL (Bass et al. 1975; Pratt 1979; Compagno 1984) .
The size (FL) of the embryos present in 314 gravid specimens of I! glauca was recorded, taking a random sample of one embryo for each female because 'embryos occurred in the same relative stage of development in each female' (Pratt 1979) . The size range in embryos was 3-35 cm FL.
In order to represent embryonic size distribution for each of the three zones sampled, simple histograms of number, mean, standard deviation and expected normal distribution were plotted. The mean sizes (FL) obtained were 15.7 cm (s.d. = 8.3), 18.4 cm (s.d. = 5.8) and 21.8 cm (s.d. = 6.9) in Zones A, B and C, respectively. These mean values appear to increase from Zone A to Zone C in a west-east direction (Fig. 5) . This may be an indication of a reproductive gradient, so that the farther east, the closer to birth is the stage of female gestation. The hypothesis of a possible reproductive gradient was tested statistically by means of an analysis of variance (ANOVA), which revealed that the mean difference was highly significant (P < 0.0005).
Similarly, the averages were compared by the Tukey and Scheffi tests (Zar 1984) . Results were similar for both tests. The differences between the averages in Zones A and C and in B and C were significant; however, in Zones A and B they were not. This can be attributed to the more extensive geographical area and the fewer samples available in Zone A (Fig. I) , which would make it difficult to detect possible differences with the adjacent zones. However, this spatial difference could be an artefact produced by a temporal gradient because of the synchronous effect of both variables during the trip.
Number of embryos per uterus (right/lef). Only the right ovary of the blue shark is present and functional (Pratt 1979) . The ostium bifurcates into the right and left oviducts. The oviducts expand anteriorly to form the oviducal glands and posteriorly to form the uteri.
In a sample of 128 gravid females (Table 3 , Fig. 6 ), the embryos present in each uterus (right and left) were counted. A differential development for both was found, resulting in a mean value of 14.9 embryos per left uterus (s.d. = 7.34) and 22.1 embryos per right uterus (s.d. = 7.24) (Figs 6a and  6b ). This provides a mean of 37 embryos per gravid female, higher than the values cited by Stevens and McLoughlin (1991) and Nakano (1994) for northern Australian waters and the northern Pacific, respectively. The distribution range is between 4 and 75 embryos per litter, which is within the values found by other authors (Pratt 1979; Compagno 1984) .
Further statistical analysis rejected the null hypothesis of an equal number of embryos (50%) in each uterus in a highly significant way ( X 2 = 174.8, P < 0.001). Several hypotheses of expected values were tested to define the percentage of embryos present in each uterus.TheS right uterus had a range of 59-60% for P < 0.05 (significant) and 5841% for P < 0.01 (highly significant).Two regression methods (linear and non-linear) were tested in order to determine the possible relationship between the number of embryos present in each uterus. Both of the methods tested hed practically identical results (Fig. 6c): where UL is the number of embryos in the left uterus and UR is the number of embryos in the right uterus.
A linear regression analysis between the size of the mother and the number of embryos provided the following equations ( Fig. 7) : where UT is the number of embryos in both uteri and FL is the maternal length (cm). Therefore, the number of embryos increases in direct relation to the size of the mother, which contrasts with what Aasen (1966) and Nakano (1994) postulated.
Sex ratio ofembryos. In a sample of 62 pregnant females of l? glauca, embryos were sexed. This allowed calculation of the embryonic sex ratio for the total of the three areas sampled (T) (Fig. 8 ). An average of 0.49 (s.d. = 0.0912,95% confidence interval: 0,47452) was obtained for females in the embryonic stage. A sex ratio hypothesis of 1 : 1 was accepted (x2 test, P < 0.001). These findings coincide with the embryonic sex ratio found by other authors for the Pacific Ocean (Suda 1953; Nakano et al. 1985; Nakano 1994) and Indian Ocean (Gubanov and Grigor'yev 1975) . They do not, however, agree with the 60% male embryos found by Stevens and McLoughlin (1991) for populations inhabiting the waters of New South Wales.
Sphyma zygaena
Like I? glauca, S. zygaena is a viviparous placental shark. Although this species was caught in all of the areas sampled, gravid females were observed only in Areas 1 , 2 and 7 (Fig.  1) . The absence of gravid females in the remaining areas may be due either to small sampling size or to spatial or temporal segregation, as these three areas were sampled consecutively from the end of July until late August.
The percentage of gravid females in relation to the total number of females caught is 16.1%. This fact, together with the sparse catch of this species and relatively lower number of sets in some areas, provides insufficient data to make an analysis as detailed as that for l ? glauca.
The size range of the 21 gravid females (220-255 cm FL) does not allow a broad enough view to draw any general conclusions on the reproductive ability of this species. Embryos ranged in size between 9 and 33 cm FL, with an average value of 21.4 cm (s.d. = 5.60).
On the basis of the available data, a hypothesis of 50% of embryos in each uterus was not rejected (x2 test, P < 0.01).
Mean values of 164 (s.d. = 3.58) and 17.1 (s.d. = 3.61) for the left and right uterus respectively were obtained, giving a total average (both uteri) of 33.5 embryos, which is within the range of 29-37 embryos per litter cited by Compagno (1984) . The average sex ratio (femalesltotal) found for the embryos was 0.47 (s.d. = 0.08). The 1 : 1 sex ratio hypothesis was accepted ( X 2 test, P < 0.01).
Other Sharks
Of the 98 L oxyrinchus specimens caught, 62 were females. 0% these, only one female measuring 266 cm was found to be gravid, having 7 embryos in the left uterus and 6 in the right uterus, with an average size of 29 cm FE. This catch was recorded in late June in position 01°34'N, 00°55'W, with a sea surface temperature of 28~5°C. This species is ovoviviparous. It has 4-16 embryos in a litter and has a reproductive strategy different from that of P glauca and S. zygaena.
Most specimens of Carcharhinus longimanus and C. falciformis caught were within the length range 75-150 cm FL and, according to Stevens and McLoughlin (1991) and Bonfil et al. (1991) , would be immature.
Although the other elasmobranch species caught included individuals likely to be sexually mature, no pregnant specimens were observed.
